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The N∗(1440), or Roper resonance, plays an important role in nucleon
and nuclear dynamics as an intermediate state. The excitation of a Roper may
mediate pion electro- and photoproduction processes 1, pion and double pion
production in NN reactions 2,3, heavy ion collisions 4, etc. In this context, the
knowledge of the NN → NN∗(1440) interaction and the πNN∗(1440) and
σNN∗(1440) coupling constants should be of great help.
The usual way to determine meson−NN coupling constants is trough the
fitting of NN scattering data with phenomenological meson exchange models.
Therefore, a consistent way to obtain meson−NN∗(1440) coupling constants
is from a transition NN → NN∗(1440) potential, in particular when ratios
over meson−NN coupling constants are to be considered. In order to derive
the transition potential we shall follow the same quark model approach pre-
viously used for NN scattering 5,6, this is we shall start from a quark-quark
(qq) interaction containing confinement, one-gluon exchange (OGE), one-pion
exchange (OPE) and one-sigma exchange (OSE) terms and carry out a Born-
Oppenheimer approximation. The quark treatment presents two main advan-
tages, on the one hand once the parameters of the qq potential are fixed from
NN data, there is not any free parameter, on the other hand it allows all the
baryon-baryon interactions to be dynamically considered on an equal footing
(actually the same framework has been applied to the ∆ excitation case 7).
Explicitly, the NN → NN∗(1440) potential at interbaryon distance R is
obtained by sandwiching the qq potential, Vqq, between NN and NN
∗(1440)
states, written in terms of quarks, for all the pairs formed by two quarks
belonging to different baryons. The qq potential has been very much detailed
elsewhere 5,6. It reads:
Vqq(~rij) = VCON (~rij) + VOGE(~rij) + VOPE(~rij) + VOSE(~rij) (1)
1
where ~rij is the interquark distance. VCON is the confining potential taken
to be linear (rij) and VOGE is the usual perturbative one-gluon-exchange in-
teraction containing Coulomb ( 1
rij
), spin-spin (~σi · ~σj) and tensor (Sij) terms.
For future purposes we detail the central part of the one-pion, VOPE , and
one-sigma, VOSE , exchange interactions given by:
VOPE(~rij) =
αch
3
Λ2
Λ2 −m2π
mπ
[
Y (mπ rij)− Λ
3
m3π
Y (Λ rij)
]
~σi · ~σj ~τi · ~τj , (2)
VOSE(~rij) = −αch
4m2q
m2π
Λ2
Λ2 −m2σ
mσ
[
Y (mσ rij)− Λ
mσ
Y (Λ rij)
]
, (3)
where αch is the chiral coupling constant and Λ is a cutoff parameter. The
values chosen for the parameters are taken from Ref. 6.
The N∗(1440) and N states are given in terms of quarks by |N∗(1440)〉 ={√
2
3 |[3](0s)2(1s)〉 −
√
1
3 |[3](0s)(0p)2〉
}
⊗ [13]c and |N〉 = |[3](0s)3〉 ⊗ [13]c
where [13]c is the completely antisymmetric color state, [3] is the completely
symmetric spin-isospin state and 0s, 1s, and 0p, stand for harmonic oscillator
orbitals.
The transition potential obtained can be written at all distances in terms
of baryonic degrees of freedom 8. One should realize that a qq spin and
isospin independent potential as for instance the scalar OSE, gives rise at the
baryon level, apart from a spin-isospin independent potential, to a spin-spin,
an isospin-isospin and a spin-isospin dependent interactions 5. Nonetheless for
distances R ≥ 4 fm, where quark antisymmetrization interbaryon effects van-
ish, we are only left with the direct part, i.e. with a scalar OSE at the baryon
level. The same kind of arguments can be applied to the OPE potential. Thus
asymptotically (R ≥ 4 fm) OSE and OPE have at the baryon level the same
spin-isospin structure than at the quark level. Hence we can parametrize the
asymptotic central interactions as (the Λ depending exponential term is negli-
gible asymptotically as compared to the Yukawa term)
V OPENN→NN∗(1440)(R) =
1
3
gπNN√
4π
gπNN∗(1440)√
4π
mπ
2MN
mπ
2(2Mr)
Λ2
Λ2 −m2π
[(~σN .~σN )(~τN .~τN )]
e−mpiR
R
, (4)
and
V OSENN→NN∗(1440)(R) = −
gσNN√
4π
gσNN∗(1440)√
4π
Λ2
Λ2 −m2σ
e−mσR
R
, (5)
2
where gi stands for the coupling constants at the baryon level and Mr is the
reduced mass of the NN∗(1440) system. By comparing these baryonic poten-
tials with the asymptotic behavior of the OPE and OSE previously obtained
from the quark calculation we can extract the πNN∗(1440) and σNN∗(1440)
coupling constants.
The Λ2/(Λ2−m2i ) vertex factor in expressions (4) and (5) comes from the
vertex form factor chosen in momentum space as a square root of monopole(
Λ2
Λ2+~q 2
) 1
2
, the same choice taken at the quark level, where chiral symmetry
requires the same form for pion and sigma. A different choice for the form
factor at the baryon level, regarding its functional form as well as the value
of Λ, would give rise to a different vertex factor and eventually to a different
functional form for the asymptotic behavior. Then, the extraction from any
model of the meson-baryon-baryon coupling constants depends on this choice.
We shall say they depend on the coupling scheme.
For the OPE and for our value of Λ = 4.2 fm−1, Λ
2
Λ2−m2pi
= 1.0286, pretty
close to 1. As a consequence, in this case the use of our form factor or a modified
monopole form at baryonic level makes little difference in the determination of
the coupling constant. This fact is used when fixing
g2piqq
4π from the experimental
value of
g2piNN
4π extracted from NN data. The value we use for αch =
m2pi
4m2q
g2piqq
4π =(
3
5
)2 g2piNN
4π
m2pi
4m2
N
e−
m2pib
2
2 = 0.027 corresponds to
g2piNN
4π = 14.8.
To get gπNN∗(1440) we turn to our numerical results for the
1S0 OPE
potential and fit its asymptotic behavior (in the range R : 5 → 9 fm) to Eq.
(4). We obtain
gπNN√
4π
gπNN∗(1440)√
4π
Λ2
Λ2 −m2π
= − 3.73 , (6)
i.e.
gpiNN∗(1440)√
4π
= −0.94. Let us note that the sign comes out from the arbitrary
choice of the overall phase of the N∗(1440) wave function with respect to the
N wave function. Hence it is more appropriate to quote the absolute value.
Furthermore the coupling scheme dependence can be explicitly eliminated if
we compare gπNN∗(1440) with gπNN extracted from the NN → NN potential
within the same quark model approximation. Thus we get
∣∣∣∣gπNN∗(1440)gπNN
∣∣∣∣ = 0.25 . (7)
The value obtained for this ratio is similar to that obtained in Ref. 9 and a
factor 1.5 smaller than the one obtained from the analysis of the partial decay
3
width. By proceeding in the same way for the OSE potential we have∣∣∣∣gσNN∗(1440)gσNN
∣∣∣∣ = 0.475 . (8)
This result agrees quite well with the only experimental available result, ob-
tained in Ref.10 from the fit of the cross section of the isoscalar Roper excitation
in p(α, α′) in the 10−15 GeV region.
Furthermore, we can give a very definitive prediction of the magnitude and
sign of the ratio of the two ratios,
gπNN∗(1440)
gπNN
= 0.53
gσNN∗(1440)
gσNN
, (9)
which is an exportable prediction of our model.
We should finally notice that for dynamical applications our results should
be implemented including the N∗(1440) width. Quantum fluctuations of the
two baryon center-of-mass, neglected within the Born-Oppenheimer approach,
could also play some role. Though these improvements will have a quantitative
effect we think, as suggested by the values we get, our predictions will not be
very much modified. In this sense they could serve either as a first step for more
refined calculations or as a possible guide for phenomenological applications.
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